ABSTRACT Male and female Pekin ducks selected (F 2 generation) for greater breast muscle thickness (MT) and an unselected control (C) were used in this study under mixed-or separated-sex rearing. Ducks in the separatedsex program had significantly higher body weights than the birds in the mixed-sex program. The ducks selected for greater breast muscle thickness exhibited superior (P < 0.05) body weight up to 42 d of age. Males from the MT line reached market weight at 6 wk, but the breast muscle thickness, measured by ultrasound scanning, improved significantly from 6 to 7 wk of age. Males had greater (P < 0.05) breast muscle thickness than females. At both ages and for both sexes, the MT line had greater (P < 0.05) breast muscle thickness than the C line. The MT ducks consumed more (P < 0.05) feed up to 6 wk,
INTRODUCTION
The lack of a pronounced sexual dimorphism in Pekin ducks as well as the cost of sexing ducklings at hatching are reasons that justify rearing males and females together. However, many factors tend to favor separated rearing of ducklings, including the consumer demand for uniformity of carcass and further processed items, the difference in body weight between males and females (Normand et al., 1996) , the low feed efficiency during the 7th wk of growth (Normand, 1997) , and the possibility of reducing the growth period (Farhat et al., 1999) . Pekin males have a faster growth rate than females (Farrell, 1990) , better feed efficiency (Leeson and Summers, 1997) , and lower carcass fat (Normand, 1997) . Similarly to chickens, ducks can increase feed consumption to meet their energy requirements (Dean, 1986) . However, as the market age of ducklings is being reduced, the birds have less time for compensatory growth (Dean, 1986) , and diets have to be tailored to these requirements. Poultry species 1 To whom correspondence should be addressed: chavez@agradm. lan.mcgill.ca. 460 but no significant difference was found in cumulative feed consumption at 7 wk, and the lines did not differ (P > 0.05) in feed:gain ratio. Males had significantly higher cumulative feed consumption at 6 wk but had a more desirable (P < 0.05) feed:gain ratio than females at 7 wk. Compared with females from the C line, MT females had significantly higher carcass yield, higher body protein, and lower fat. The MT females had higher plasma glucose and lower uric acid than the C females, but no significant difference was found between the MT and C lines for plasma triglycerides and total cholesterol. The results of this study support the utility of ultrasound scanning in duck selection, the separated rearing of ducklings, and the possibility of reducing the slaughter age of lean males.
are influenced by the energy:protein ratio of their diet (Siregar et al., 1982; Dean, 1986; Farhat et al., 1997) . The response of males to dietary protein (Bartov, 1998; Bartov and Plavnick, 1998) or supplemental amino acids (Han and Baker, 1993 ) is more efficient than that of female broiler chickens. The market age and weight of most Pekin ducks grown in North America are 49 d and 3.2 kg, respectively (Normand, 1997) . In previous studies, we observed that the growth rate of the two sexes starts to differentiate at 5 wk of age (Normand, 1997) . The same studies revealed a sharp decrease in feed efficiency after 6 wk of age, which is most probably related to the higher energy requirement for maintenance and the deposition of fat. A limiting factor in marketing Pekin ducks at 6 wk of age may be insufficient breast muscle development.
Over the past few decades, noninvasive approaches have been developed for the selection of livestock and poultry for a certain desirable trait. Magnetic resonance imaging (Scollan et al., 1998) and dual-energy X-ray absorptiometry (Pietrobelli et al., 1998) show a great degree of accuracy, but they are expensive and impractical to introduce into selection programs. Ultrasound has been Abbreviation Key: C = control line; MR = mixed-sex rearing; MT = muscle thickness line; SR = sex-separated rearing. adopted in the selection of animals for greater muscle proportion of their carcass. It has been used in the prediction of carcass composition in cattle (Simm, 1983) , sheep (Kempster et al., 1982) , goats (Stanford et al., 1995) , and swine (Greshman et al., 1992) . In poultry, ultrasound was used for the prediction of breast muscle yield in chickens (Konig et al., 1997) and ducks (Dean et al., 1987) . Konig et al. (1998) reported a correlation of 0.73 and 0.71 between breast meat, as a percentage of live weight, and ultrasound measurement in male and female chickens, respectively. In Pekin ducks, a correlation of 0.70 to 0.80 (Dean et al., 1987) and 0.73 (Farhat and Chavez, unpublished data) was found between the ultrasound measurement of breast muscle thickness and breast muscle weight. The ultrasound measurement of the breast showed that, in the selected and control lines, males have greater breast muscle thickness than females at 7 wk of age (Farhat et al., 1998) .
The objectives of this study were to compare the growth performance, ultrasound breast measurements at 6 and 7 wk, carcass analysis, and blood chemistry of Pekin ducks from the line selected for greater breast muscle thickness (MT) and control birds (C), under mixed-sex rearing (MR) and sex-separated rearing (SR) programs.
MATERIALS AND METHODS

Experimental Animals and Diets
A total of 624 1-d-old ducklings from the F 2 generation of a line selected for greater breast muscle thickness (MT) and an unselected control line (C) (Lavallée, 1998) per bird. Males and females were identified by toe web notching. All ducklings were individually identified with wing bands at 2 wk of age. Individual body weights and feed consumption on a pen basis were monitored at 2, 4, 5, 6, and 7 wk of age. The ducklings received 24 h of light for the 1st wk and 16 h of light from 2 to 7 wk. At 14 d of age, the light intensity was reduced to 5 lx to avoid cannibalism. The feeding program was a corn-soybean meal-based commercial 2 starter (Weeks 1 to 2), grower (Weeks 3 to 4), and finisher (Weeks 5 to 7). The proximate analyses of the three rations are presented in Table 1 .
Ultrasound Measurements
Total breast (including skin plus subcutaneous fat) and breast muscle thickness measurements were taken on live ducks at 6 and 7 wk of age. Thirty-six birds per sex per line (12 per pen) from the SR program (12 pens) were randomly selected for ultrasound measurement. The birds were held on their backs on a restraining board by using velcro tape over their neck and heels. A multipurpose ultrasound gel was used as a contact agent on the full-feathered breasts (feathers were parted to expose breast skin). The ultrasound system was an ECHO 1000 3 portable real-time ultrasound scanner, equipped with a 7.5 MHz linear array probe. The probe was placed next to the keel bone at a 90 degree angle to the breast. The measurements were taken at 1 cm lateral and 2 cm posterior to the anterior apex of the keel bone on a frozen image in which the thickness of the breast was calculated using a built-in caliper.
Blood and Carcass Analysis
At 7 wk of age, a total of 24 females (two per pen; 12 per line) were randomly selected from the SR program. Blood samples were taken from the wing vein, and the carcasses were recovered from a commercial processing plant. The carcasses were cut longitudinally along the backbone; one-half was then ground, and a subsample was frozen. After freeze-drying, the absolute dry matter was obtained using a vacuum oven; 4 fat was ether extracted, crude protein was measured using an N analyzer, 5 and ash content was determined using a muffle furnace.
6 Plasma glucose, triglycerides, total cholesterol, Means within columns with no common superscripts differ significantly (P < 0.05).
and uric acid were analyzed using a clinical discrete analyzer.
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Statistical Analysis
Statistical analyses of the data were performed using the general linear models (GLM) procedures and mixed models of the SAS library (1990) . The data comparing the rearing programs were analyzed as a factorial design with two programs and two lines, and the dependent variable was body weight following the model Y ijk = µ + program i + line j + (program × line) ij + e ijk . The data within the segregated program were analyzed as a factorial design with two lines and two sexes, and the dependent variables were body weight, feed consumption, and feed conversion following the model Y ijk = µ + line i + sex j + (line × sex) ij + e ijk . The ultrasound data at 6 and 7 wk of age were treated as repeated measures, and the model included the effects of line, sex, age, and their interactions. Data for carcass and blood parameters were subjected to one-way analysis of variance with line as the only effect following the model Y ij = µ + line i + e ij .
RESULTS AND DISCUSSION
The effects of program and line are presented in Table  2 . No significant differences were found at 2 and 4 wk of age (data not presented). Between 5 and 7 wk of age, when sexual dimorphism starts to show in Pekin ducks, the SR birds had significantly (P < 0.05) higher body weights than the MR birds. This difference may be ex- Means within columns with no common superscripts differ significantly (P < 0.05). Means within columns with no common superscripts differ significantly (P < 0.05).
1
Total breast thickness which includes the skin plus subcutaneous fat and the breast muscle as measured by ultrasound. plained by the dominance of the males over the females in MR, in which the difference in weight exceeded 200 g by 42 d of age in SR (Table 3) . Males have been reported to have live weights that are 300 g (Leeson and Summers, 1997) and 100 g (Scott and Dean, 1991) heavier than females at 42 d of age. The MT line had higher (P < 0.05) body weight than the C line at 5, 6, and 7 wk of age. However, the difference in body weight between the two lines was reduced by 40% at Week 7, when fat deposition probably occurs. Percentage of carcass DM and fat increased and CP decreased from 42 to 49 d of age in both sexes of Pekin ducks (A. Farhat and E. R. Chavez, unpublished data). Carcass fat percentage, but not protein percentage, increases in both sexes of Pekin ducks from 6 to 10 wk of age (Abdelsamie and Farrell, 1986) . Another possible reason for the reduced performance of the MT birds at 7 wk compared with 6 wk may be due to the inadequacy of dietary protein to meet their potential for protein accretion. Touchburn et al. (1981) reported a significantly lower body weight in their lean line chickens at 5 wk of age when they received lower dietary protein. Table 3 presents the effects of line and sex on body weight of the ducklings reared under SR. The MT line had a significantly (P < 0.05) higher body weight than the C line at 6 wk of age. Male Pekin ducks were heavier (P < 0.05) than females at all ages. The average weight of males in the MT line exceeded market weight, indicating the possibility of reducing the slaughter age of ducklings from 7 to 6 wk. However, the breast muscle thickness (Table 4) increased greatly from 42 to 49 d of age. This contradiction indicates that the dietary program provided may be insufficient in terms of protein for the MT line of birds, especially the males, to synchronize their breast muscle development (Table 4) with their faster growth revealed by their body weight (Table 3) . Feeding low protein diets to male broiler chickens results in reduced breast meat yield and inferior feed utilization (Leeson et al., 1988) , and lean broilers are more affected in terms of growth than fat birds when consuming at diet with a high energy:protein ratio (Whitehead, 1991) . The improvement in breast muscle thickness during Week 7 represents a costly limitation in marketing ducklings at 6 Means within columns with no common superscripts differ significantly (P < 0.05).
1 Cumulative feed consumption.
2
Cumulative feed:gain ratio.
wk. The MT line and male birds had significantly (P < 0.05) greater total breast and breast muscle thickness than the C line and female birds, respectively (Table 4 ). The total breast muscle thickness included the skin plus subcutaneous fat and breast muscle thickness. It is an indirect indicator of the subcutaneous fat layer because a direct measurement is associated with a large error for which the repeatability of the measurement was very low (Lavallée, 1998) . The effect of line and sex on feed consumption and feed:gain ratio are presented in Table 5 . The MT line consumed significantly (P < 0.05) more feed than the C line at 6 wk, but this difference disappeared at 7 wk because the MT birds consumed less feed during this week. The cumulative feed:gain ratio of the line selected for breast muscle was similar to that of the control line at 6 and 7 wk of age (Table 5 ). The average cumulative feed:gain ratio at 7 wk was approximately 14% more than that at 6 wk. Similarly, Powell (1986) reported that feed conversion improved by 2% per day reduction in reaching market weight in Pekin ducks. Male ducklings consumed significantly (P < 0.05) more feed than females up to 6 wk of age and had a significantly lower feed:gain ratio to 7 wk of age.
The effect of line on carcass yield, muscle thickness, and carcass composition is presented in Table 6 . Compared with the C line, the MT ducks had significantly (P < 0.05) higher carcass yield, higher breast muscle thickness as measured by ultrasound, higher body protein (% of eviscerated carcass weight), and had lower fat (% of Means within columns with no common superscripts differ significantly (P < 0.05).
1
Carcass yield as percentage live body weight.
2
Total breast thickness includes the breast muscle and the skin plus subcutaneous fat as measured by ultrasound.
3
Breast muscle thickness as measured by ultrasound. 4 Ether extracted fat. eviscerated carcass weight). In their studies on chickens selected for low or high plasma glucose, Ricard and Touraille (1988) reported a significant increase in carcass yield and Pectoralis muscle (g/kg eviscerated carcass weight) and a reduction in abdominal fat (g/kg live body weight) in lean females of F 3 and F 5 generations. Lilburn and Myers-Miller (1988) observed no difference in eviscerated carcass weight or Pectoralis major weight of lean and fat lines of F 1 broilers, but the lean birds had significantly less abdominal fat (g/kg body weight).
No significant difference in plasma trigylcerides or total cholesterol was found between the MT and C lines (Table  7) ; however, the MT line had higher (P < 0.05) plasma glucose than the C line. Lean chickens selected for lower abdominal fat exhibit higher plasma glucose than fat birds in the feed-deprived of fed state (Touchburn et al., 1981) . Lean lines selected for adiposity or glycemia have higher plasma glucose than the fat lines at 3 and 7 wk of age (Leclercq and Guy, 1988) . The MT ducks also had higher plasma insulin-like growth factor-I than the C ducks (Farhat and Chavez, 1999) , which may partially explan the sparing of glucose in the leaner birds. Foltzer and Mialhe (1976) reported an increase in plasma glucose after growth hormone therapy in hypophysectomized ducks. Administration of porcine somatotropin has been reported to increase plasma insulin-like growth factor-I and glucose in pigs (Klindt, 1994) , and growth hormone was observed to decrease the sensitivity of peripheral tissues to insulin in chicken broilers (Burke and Builder, 1985) . This effect may be further supported by the significantly Means within columns with no common superscripts differ significantly (P < 0.05).
lower plasma uric acid in the MT ducks (Table 7) . In chickens, insulin is reported to stimulate uric acid production by isolated hepatocytes (Badenoch-Jones and Buttery, 1975) and to increase plasma uric acid (Karasawa and Kibe, 1983) .
We concluded from the present study that the production response to rearing male and female ducklings separately was more favorable, because it allows adopting different feeding programs and processing males at an earlier age. The significant improvement in breast muscle thickness from 6 to 7 wk of age is interesting and should be followed more closely with different dietary energy:protein ratios. The high feed:gain ratio during Week 7 should be considered in an economic study to determine whether it is worth keeping ducks to 7 wk with such a low efficiency of feed utilization. The selection using ultrasound has resulted in a leaner carcass with greater breast muscle thickness and, hence, can be considered a useful technique for breast muscle selection in Pekin ducks.
